Endogenous expression of antisense RNA in transfected cells has been explored for use in blocking cellular gene expression and for its antiviral potential. Antisense strategies were used with the goal of blocking measles virus (MV) infection. A recombinant expression plasmid was designed to produce antisense oligonucleotides targeted to the 5 end of the MV nucleocapsid protein mRNA. This construct was transfected into HeLa cells. The transfected cell line and a control cell line expressing a random RNA comprising the same nucleotides were infected with MV and assessed for viral resistance by observation of cytopathic effect (CPE); infectious virus was quantified by viral plaque assay. Both cell lines were also infected with a related paramyxovirus, mumps virus, as a specificity control. Both CPE and infectious virus were reduced by Ç90% in the antisense-expressing line compared with that in control cells or transfectant cells expressing random RNA. There was no evidence of resistance to infection with mumps virus in any cell line.
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Measles virus (MV) is most commonly associated with a
it is critical to both viral replication and the formation of stable virions. We constructed an eukaryotic expression vector derelatively benign childhood exanthem and febrile illness. Most children in industrialized nations are immunized against MV signed to express antisense RNA complementary to 52 nucleotides at the 5 end of the MV nucleoprotein mRNA. We investiwithin the first 2 years of life. Yet, MV remains an important pathogen in undeveloped countries, where it continues to kill gated whether transfection of HeLa cells with this construct would result in resistance to MV infection. nearly 2 million children a year [1] . These deaths are the result of an immunosuppression that renders children susceptible to opportunistic bacterial infections during the course of acute MV infection. Because MV infection is still responsible for Materials and Methods high morbidity and mortality worldwide, we have begun to 5 /mL in 6-well plates (Costar, Cambridge, MA). Prior to infection with MV, duplicate sample wells were trypsinized, and cells were counted to establish numbers for MOI calculations. Virus was added to monolayers and incubated for 1 h at 37ЊC, after which cells were washed with PBS and monolayers were incubated in medium at 37ЊC for 24 h. At cells that produce antisense RNA ( figure 1 ). This is in contrast to the N-rbs-R cell line expressing random RNA, in which we observed no significant difference in CPE with nontransfected Results HeLa cells. Experiments comparing N-rbs-A to the control cell line exExpression construct. We have designed an eukaryotic expression plasmid with the goal of inhibiting MV infection by pressing random RNA allowed us to demonstrate the sequence specificity of the observed antiviral effect. To test the specificendogenous production of antisense RNA targeted to the MV N protein mRNA. The expression vector was designed to make ity of this antisense-mediated effect for MV, we infected both the N-rbs-A and N-rbs-R cell lines with a related paramyxoviantisense RNA to the 5 end, or the putative ribosomal binding site, of the MV N protein mRNA. This oligonucleotide and a rus, MV. There was no significant difference in CPE (syncytia) from cells infected with mumps virus in any of the three lines random sequence of the same 52 bases were ligated into an expression vector and transfected into HeLa cells. We then infected ( figure 1 ). This indicated that, in addition to being sequence-specific, the antisense-mediated inhibition of infecasked whether these transfected cell lines, N-rbs-A and N-rbs-R, expressing antisense and random RNA, respectively, were tion was also specific for MV. Decrease in infectious virus. To confirm the results of the able to resist MV infection compared with control HeLa cells.
Resistance to MV infection in the transfected HeLa cell lines CPE experiments, we quantified the amount of infectious virus produced in each cell line. Infected cell monolayers were prewas assessed in three ways. Infected cell monolayers were inspected for CPE, which is visualized as giant cells or syncypared using the method described for the CPE experiments. At 18 h, the monolayers were harvested. The results of these tia. In addition to quantitation of gross CPE, progression and severity of CPE was documented by immunofluorescent stainplaque assays showed that less infectious virus was produced in the N-rbs-A cell line than in HeLa cells (Ç8-fold) or in the ing for cells expressing MV N protein, which allowed assess-been established by experiments done using a cell-free system. Sankar et al. [9] demonstrated that inhibition of translation obtained with oligonucleotides complementary to the 5 end of an mRNA and to the AUG initiation codon was not increased by digestion of RNA by addition of RNase H. These results suggest that inhibition of translation was blocked by antisense hybridization itself, rather than by enzymatic degradation.
Based on this hypothesis of antisense mechanism, we designed a construct to express antisense RNA to hybridize to the 5 end of the MV N protein mRNA, including the first AUG and putative ribosomal binding site. We chose a length of 52 bp because our long-term goal is to use small, specific MV RNA to target MV mRNA and possibly replication intermediates. These initial experiments were designed to determine whether antisense RNA of this size was functional in our system. Endogenously expressed RNAs as small as 20-50 nucleo- for viral replication. The lower concentrations of polymerase mRNA may result in a longer duration of antisense-mediated antiviral effect. A cell line producing antisense RNA to MV N-rbs-R cell line (figure 2). No difference was observed in the polymerase mRNA has been transfected and isolated, and examount of mumps virus produced in the three cell lines.
periments to address these questions are in progress. Koschel et al. [12] also reported successful inhibition of MV infection by endogenously expressed antisense directed against Discussion MV mRNA. These authors describe fewer and smaller plaques in their infected transfected cell lines, a finding that agrees We have begun to develop antisense techniques as tools to facilitate the study of the effects of MV infection and replicawith our observations. However, our study differs in that the antisense RNA produced by their construct was a bicistronic tion. Our initial experiments were designed to determine the success of small, endogenously expressed antisense RNA in RNA covering two entire MV RNAs and was several kilobases in length. blocking replication. We found that endogenously expressed antisense RNA could modulate MV infection in transfected
In conclusion, we have demonstrated that endogenously expressed antisense RNA modifies MV infection. We accomHeLa cells.
While the precise mechanism of antisense inhibition is not plished our primary goal of establishing an effective expression system for small RNA oligonucleotides. This antisense strategy known, there is evidence for several potential mechanisms. It has been proposed that one mechanism of antisense RNAwill allow us to study various MV products with specific molecular probes and to potentially localize the intracellular mechamediated viral resistance is the induction of interferon by double-stranded RNA [3] . This hypothesis is not supported by nism that results in immunosuppression. Therefore, the next phase of this work will be to use antisense techniques to explore measurements of cytokine levels in MV-infected lymphocytes, which demonstrate that interferon levels are not changed by MV pathogenesis and the suppression of cellular functions in cells of the immune system. MV infection (Bell AF, Burns JB, Fujinami RS, unpublished data). Another hypothesis is that antisense hybridization blocks translation at the level of initiation. Antisense oligonucleotides 
Varicella-zoster virus (VZV) is responsible for chickenpox
On the basis of analogy to the prototypic virus herpes simand shingles. It also produces verrucous, longstanding cutaplex virus (HSV), the VZV replicative cycle is supposed to be neous lesions in human immunodeficiency virus (HIV)-inregulated in a cascade of three successive steps involving the fected persons [1] [2] [3] [4] [5] [6] [7] [8] [9] . Such lesions are frequently associated immediate early, early, and late phases. The IE63 protein is with acyclovir resistance, which may be due to multiple, nonpresent in the nuclear and perinuclear area of keratinocytes in uniform mutations in the thymidine kinase gene [7] . The cause full-blown VZV skin lesions of immunocompetent and HIVof epidermal hyperplasia and chronicity of the lesions is uninfected individuals [10] . The ORF 68-and ORF 33-encoded known; however, it has been hypothesized that the VZV gene major glycoproteins gE and gB have also been demonstrated expression could be altered [8] .
in the cell membranes and cytoplasm of keratinocytes. During viral latency, IE63 expression has been detected in infected ganglionic neurons in rats [11, 12] and humans [13] ; however, gE expression was lacking in the animal model [11] . Using light microscopy, immunohistochemistry, and in situ
